. Indeed, it is through the support of one of the organizers of the 1967 meeting, David P. Rall, the Director of the National Institute of Environmental Health Sciences, that we have had the opportunity to meet and summarize progress in this area.
The goals of the present conference are to examine the current use of the comparative approach as a tool to assess the impact of xenobiotic pollution on the aquatic environment and identify those general principles that govern the interactions of environmental chemicals with aquatic organisms. We approach these goals primarily from a biochemical-physiological perspective. However, we have also tried to stress the importance of correlating detailed cellular and organ effects with intact animal responses.
As a starting point, Malins et al. have used their studies in Puget Sound to document the staggering array of chemicals found in the aquatic environment. Their work also clearly demonstrates that these chemicals, even those primarily associated with the sediments, are bioavailable and that exposure may cause readily demonstrable pathologies. Guarino describes the current state of aquatic toxicology and its roots in classical mammalian pharmacology and toxicology. He makes a case for thorough pharmacokinetic studies in aquatic species as a prerequisite to use of their unique advantages for identification of sites and mechanisms of xenobiotic toxicity.
After these two largely introductory presentations, focus shifts to a more detailed look at several systems in which anatomical or physiological specializations of aquatic organisms lend themselves to study of the interactions between foreign chemicals and organ or cell function. For some of these systems, e.g., the nervous system, the important advantages of the comparative approach have been long recognized. Thus, Narahashi is able to present a sophisticated neurophysiological analysis of how toxic agents alter nerve cell function. For others, e.g., Carr's studies of external chemoreceptors in crustaceans, recent progress in understanding the basic physiology has just begun to put us in position to appreciate the potential of the system to study mechanisms of xenobiotic action.
Nevertheless, in each instance-nerve (Narahashi), receptor (Carr et al.), gill (Evans), kidney (Miller), sperm (Mottet and Landolt), or embryo (Weis and Weis), the current and future value of the experimental system is that the anatomical or physiological specializations of these "lower" animals present unique opportunities to study important questions, e.g., how do foreign agents work and what are the sensitive steps in a given physiological process? Rapid, clearcut answers to such questions are critical in the face of the vast number of chemicals constantly entering our environment. In our effort to identify, understand, and resolve pollutant problems, we cannot afford to overlook the potential of aquatic organisms to provide answers.
The second half of the conference is devoted to a more specific topic, the metabolism of foreign chemicals by aquatic organisms and the consequences of this metabolism, particularly of metabolic activation to carcinogenic forms. Stegeman and Kloepper-Sams summarize the role of cytochrome P-450 in phase I xenobiotic metabolism and present a characterization of P-450 isozymes in fish. Kleinow et al. describe induction of P-450, its toxicological consequences, and its potential as a monitoring tool. James describes the various conjugation pathways (phase II) which both reduce the toxicity of phase I metabolites and accelerate their excretion. Fowler discusses the analogous roles of metalbinding compartments (proteins, concretions, and lysozymes) which aid lower animals in reducing intracellular free metal concentrations, thus decreasing metal toxicity. Dawe presents the conceptual basis for identifying environmental versus hereditary cancers. Hinton and Lantz summarize the anatomical baseline needed in fish to identify and interpret the nature and causes of histologic changes in major teleost organs, primarily liver, kidney, and gill. Bailey and Hendricks and Varanasi et al. summarize the large volume of work describing initiation and development of tumors in fish following chemical exposure under laboratory and field conditions. These presentations clearly show that a basic knowledge of xenobiotic metabolism is required before we will be able to understand those factors which promote or inhibit tumor formation.
The final two papers also focus on the effects of xenobiotics in the whole animal. McKim describes the usefulness of fish acute toxicity syndromes to assess modes of action and structure-activity relationships for foreign chemicals. Peakall summarizes more than a decade of work seeking to develop causal links between an actual environmental problem (reproductive abnormalities in aquatic birds) and the pharmacology of xenobiotics in these birds.
In conclusion, although this conference highlights important features of what we now know, it also exposes numerous gaps in our knowledge. Given the diversity of species available to the comparative approach, it appears certain that careful analysis of experimental systems using aquatic species will make important contributions toward closing those gaps and identifying those "general principles" important in xenobiotic toxicity.
